Objectives-To evaluate the association between pelvic organ prolapse (POP) types and levator-urethra gap (LUG) as measured by 3-dimensional transperineal tomographic ultrasound.
damage 10% to 25% of the time. [3] [4] [5] Injury to the pelvic floor muscles can result in floor dysfunction like POP or stress urinary incontinence. It is very likely that pregnancy and delivery-related pelvic floor muscle injury is one of the most common etiologic factors for the development of pelvic floor dysfunction. 6 Levator ani defects can be diagnosed clinically by vaginal palpation, 7, 8 using transperineal ultrasound 9 or with magnetic resonance imaging. 10 Magnetic resonance imaging is accurate for the evaluation of pelvic floor defects, but its disadvantages include expense and accessibility. The diagnosis of avulsion by sonography shows good agreement with magnetic resonance imaging. 11 Several other advantages of using sonography for the evaluation of the levator ani muscle include the noninvasive nature, real-time assessment of pelvic organs, and ready availability in most gynecologic offices.
Previously, the standard sonographic diagnosis of levator avulsion required observation of an abnormal insertion of the muscle on tomographic ultrasound imaging. 12 But most recently, the measurement of the levator-urethra gap (LUG) has been described and popularized by Dietz et al. 13 as a quantitative tool in this regard.
LUG is the distance between the center of the urethral lumen and insertion of the levator on the inferior pubic ramus, determined bilaterally, in axial slices on transperineal 3-dimensional (3D) ultrasound.
14 The measurement of LUG is reproducible, and an abnormal LUG (25 mm) has been strongly associated with avulsion diagnosed by vaginal palpation.
14 In addition, the traditional qualitative analysis of slices on tomographic ultrasound imaging for the detection of levator ani avulsion and LUG measurement with a cutoff of 25 mm showed good agreement for the diagnosis of avulsion.
The goal of this study was to determine if the LUG measurement (LUG 25 mm) as a reflection of levator ani avulsion (unilateral versus bilateral) is associated with multicompartment POP or POP quantification (POP-Q) stage. Our hypothesis was that women with multicompartment prolapse and higher POP-Q stage are more likely to have larger LUG and bilateral levator ani avulsion. 15 For the analysis, we considered POP present if patients complained of a "bulge," "lump," or "something coming down" or "falling out" through the vaginal introitus and the documented POP-Q revealed stage II or greater anterior or posterior prolapse or apical descent more than 50% of total vaginal length (Point C > 2 [total vaginal length / 2]). 16 For the purpose of the study, we categorized prolapse on the basis of POP-Q staging as mild (stage II) or severe (stages III-IV), on how many vaginal compartments were involved (1 versus 2 and 1 versus 3) and also on the specific vaginal compartment affected (type 1, anterior only; type 2, posterior only; type 3, combined anterior and posterior; and type 4, any prolapse with apical compartment involvement). The primary outcome of interest is levator avulsion, which is categorized into three levels: no damage, unilateral avulsion, and bilateral avulsion.
Materials and Methods

Three-Dimensional Transperineal Tomographic Ultrasound for LUG Measurement
With the patient in the lithotomy position, the ultrasound transducer (transabdominal or transvaginal; Voluson E8, GE Healthcare, Zipf, Austria) was positioned at the vaginal introitus and the external urethral orifice, without applying undue pressure and with alignment of the axis of the probe to the patient's long body axis. Volume data sets were obtained at rest, saved, and analyzed at a later date using the software 4D View version 5.0 (GE Healthcare, Milwaukee, WI USA). LUG measurements were carried out as described by Dietz at al. 14 Axial planes at the level of minimal hiatal dimensions were identified in the midsagittal plane and used for further analysis. Tomographic ultrasound imaging was used to obtain slices at this plane and 2.5 mm as well as 5 mm above it. LUG was measured by placing calipers in the center of the urethra and on the most medial aspect of the muscle insertion on the inferior pubic ramus. LUG was measured bilaterally and recorded. The original description of tomographic imaging for levator avulsion stipulated assessment of volumes obtained on maximal contraction, but our method of using volumes at rest has been deemed near equivalent.
17 Figure 1 depicts the LUG measurement in a patient with normal levator insertion and also with abnormal insertion indicative of bilateral levator ani avulsion (LUG 25 mm). 13, 14 Ultrasound measurements and data analysis were performed by investigators blinded to clinical data.
Statistical Analysis
Descriptive statistics were calculated for all variables of interest. Means and standard deviations were calculated for continuous variables. Frequency and percentage were calculated for categorical variables. The t test was used to compare the mean values between 2 groups. To evaluate the association between prolapse stage and type and the probability of having levator damage, generalized logit models were used. All statistical analyses were performed with commercially available software (SAS 9.4; SAS Institute Inc, Cary, NC USA). Statistical significance was determined at the level of alpha 5 .05.
Results
Ninety-eight women were enrolled. The clinical characteristics are detailed in Table 1 anterior compartment, and 19 women had posterior compartment prolapse only. Thirteen women had combined anterior and posterior prolapse. The LUG was substantially larger in women with multicompartment POP compared with singlecompartment POP (28.9 6 4.1 mm versus 22.7 6 4.1 mm; P < .01). Similarly, LUG was substantially larger in women with severe POP (POP-Q stage III-IV) compared to mild POP (POP-Q stage II) (28.8 6 4.7 mm versus 23.3 6 4.5 mm; P < .01).
Women with severe prolapse (stage III-IV) were 32.3 times more likely than women with mild prolapse (stage II) to have bilateral levator avulsion (Table 3) . Patients with POP involving 2 vaginal compartments were 6.6 times more likely to have bilateral damage compared with those with single-compartment POP. POP involving all 3 vaginal compartments was 75.8 times more likely than single-compartment POP to be associated with bilateral levator avulsion ( Table 4) .
As stated above, for the purpose of the study, we categorized prolapse on the basis of the specific vaginal compartment affected. We found that type 4 POP is 8 times more likely than type 2 to have unilateral damage and 57 times more likely than type 2 to have bilateral damage. POPs involving at least the apical compartment were 57 times more likely than prolapses affecting only the posterior compartment to have bilateral levator avulsion (Table 5 ). Table 6 contains the raw data that was used for statistical analysis.
Discussion
In this article, we report an association between 3D transperineal tomographic ultrasound imaging with the Aa, a point located in the midline of the anterior vaginal wall 3 cm proximal to the hymen; Ap, a point located in the midline of the posterior vaginal wall three cm proximal to the hymen; Ba, maximum downward displacement of anterior vaginal wall; Bp, maximum downward displacement of posterior vaginal wall; C, maximum downward displacement of cervix; D, represents the location of the posterior fornix in a woman who still has a cervix; gh, length of genital hiatus; pb, length of perineal body; tvl, total vaginal length. Kozma et al-Levator-Urethra Gap in Pelvic Organ Prolapse measurement of LUG as an indicator of levator ani avulsion and POP severity and types. We found that women with severe prolapse were more likely than women with mild prolapse to have bilateral levator avulsion. In addition, women with POP involving all 3 vaginal compartments were much more likely than single-compartment POPs to have bilateral levator avulsion. Prolapses involving the apical compartment were also much more likely than prolapses affecting only the posterior compartment to have bilateral levator avulsion.
Our findings indicate that women with severe prolapse involving multicompartments and the apical compartment are the most likely to have considerable bilateral avulsion. Clinically, these are the most difficult prolapses to manage and also the most likely to reoccur. The high failure rate may be attributed to the fact that the underlying levator avulsions are not being repaired at the time of surgical treatment. The wide opening on the levator plate exposes the surgical repair site to more unopposed forces during increased abdominal pressure, which may lead to increased failure rates.
Similarly, others have shown that women with levator avulsion were twice as likely to have POP of stage II or higher when compared to those without. 6 This effect is mainly due to an increased risk of cystocele and uterine prolapse. 6 Pubovisceral avulsions, as diagnosed by magnetic resonance imaging or perineal sonography, are associated with not just higher POP stages but also with POP recurrence after surgical repair. 18 The recurrence rate after POP surgeries appears to be lowest in the posterior compartment. But recurrence rates are highest in the anterior compartment (up to 52%) in women with levator avulsion. 19, 20 Interestingly, our study found that women with posterior vaginal wall prolapse are less likely to have levator avulsion compared with other prolapse types. Perhaps this low posterior recurrence rate (11%) 21 can be partly explained by the low percentage of levator avulsions in this group. 22 There are several limitations to consider when interpreting the results of this study. The study size is small, and therefore we may be missing other associations between prolapse type and LUG/avulsion. We performed the LUG measurement at rest, while the POP-Q measurements were performed at maximum Valsalva. Dietz et al 17 reported that LUG could be measured at rest (rather than at the time of volumes obtained during pelvic floor contraction as originally described) and not affect the ability to assess levator defects. The lack of a reproducibility study is an important limitation as well. Finally, the study enrolled only symptomatic patients with POP on examination and excluded symptomatic patients with no POP on pelvic examination and asymptomatic patients with no prolapse (control group). Further studies in larger populations are recommended to confirm the association between POP and LUG.
In summary, bilateral levator ani avulsion as diagnosed by LUG measurement at rest is associated with multicompartment, severe prolapse. 
